Despite arguments about the importance of self-regulated learning (SRL) in massive open online courses (MOOCs) (Terras & Ramsay, 2015) , understanding of the topic is limited. This study offers a systematic review of empirical research on SRL in MOOCs. It revealed that the body of literature on SRL in MOOCs has grown from 2014 to 2016. The content analysis findings show that SRL was a factor positively influencing learning in MOOCs. SRL strategies were identified, including motivational regulation strategies, specifically self-efficacy, task value, and goal setting. Particular cognitive regulation strategies were not identified, and goal setting was found as a metacognitive regulation strategy. Regarding behavioural and contextual regulation strategies, help seeking, time management, and effort regulation were identified. In addition, several MOOC designs and SRL interventions that consider unique characteristics of MOOCs were proposed to promote SRL. Implications of these findings and future research are discussed.
Introduction
A massive open online course (MOOC) generally refers to "a model for delivering learning content online to virtually any person-with no limit on attendance-who wants to take the course" (Educause Learning Initiative, 2011, ¶ 4) . MOOCs have changed traditional online learning by putting hundreds of thousands of learners from different geographical locations into an online space where they study at their preferred pace and according to their own learning style (Johnson, Becker, Estrada, & Freeman, 2014) . Traditional online courses and MOOCs are distinguished by the fact that MOOCs are open to all applicants with freely accessible information and resources and do not typically require registration fees except for those learners seeking more formal certifications (Schulze, 2014) . There is also a difference in goals and structures between regular online courses and MOOCs (Perna et al., 2014) .
In MOOCs, "learners are expected to be autonomous and manage their own learning by making their own social and conceptual connections to suit their own needs" (Tschofen & Mackness, 2012, p. 126) . Glance, Forsey, and Riley (2013) and Barnes (2013) explained that most MOOCs usually include short lecture videos with embedded questions, auto-graded quizzes, peer reviewing or assessment, and online discussion forums. As MOOCs place "control of learning at the discretion of the learner" (Terras & Ramsay, 2015, p. 1) , it is essential to understand the learner behaviours required for autonomous learning in MOOCs (Terras & Ramsay, 2015) . While little has been discovered about learner behaviours in MOOCs, self-regulated learning (SRL) has recently gotten attention as a crucial factor related to learner behaviours in MOOCs (deWaard, 2011; Terras & Ramsay, 2015) . SRL has been identified as one of the vital factors positively affecting students' success in traditional online learning environments (Cho & Shen, 2013; Dabbagh & Kitsantas, 2005) . In addition, how to support online learners' SRL has been widely examined (e.g., Artino, 2008; Fisher & Baird, 2005) . Considering commonalities and differences between traditional online courses and MOOCs, there is a need for more empirical investigation of SRL in MOOCs. The findings of a recent analysis of research proposals submitted to the MOOC Research Initiative (MRI) show SRL and social learning is one of the five main topics for future MOOC research (Gasevic, Kovanovic, Joksimovic, & Siemens, 2014) . Although the analysis shed new light on the direction of future research on SRL in MOOCs, the results were limited to research proposals submitted to the MRI and did not cover completed empirical studies. The purpose of this study is to systematically analyse and report on the current state of research on SRL in MOOCs.
Background literature
SRL is generally defined as "an active, constructive process whereby learners set goals for their learning and then attempt to monitor, regulate and control their cognition, intentions and behavior, guided and constrained by their goals and the contextual features of the environment" (Pintrich, 2000, p. 453) . While researchers have developed several SRL models with different constructs (e.g., Boekaerts, 1996; Butler & Winne, 1995; Schunk, 1989 Zimmerman, 2000a , Pintrich (2000) developed a model classifying phases that other SRL models commonly shared (e.g., Zimmerman, 2000a) and areas for SRL. The model explains different aspects of SRL according to four phases: forethought, planning and activation; monitoring; control and reaction; and reflection.
The first phase of Pintrich's (2000) model consists of goal setting, planning, and activation of prior knowledge of the task, the context, and the self in connection to the task. The second phase involves monitoring processes. The third phase consists of controlling and regulating different parts of the task, the context, and the self. And the fourth phase consists of reaction and reflection on the task, the context, and the self. Areas of SRL consist of motivation/affect, cognition, behaviour, and context. SRL strategies identified in Pintrich, Smith, Garcia, and McKeachie's (1991) study are categorised in these areas. Motivational regulation includes intrinsic goal orientation, extrinsic goal orientation, control belief, selfefficacy, and text anxiety. Cognitive and metacognitive regulation consists of rehearsal, elaboration, organisation, critical thinking, and metacognitive self-regulation, which consists of monitoring, regulating, and planning, including goal setting and task analysis. Behavioural and contextual regulation are composed of time and study environment, effort regulation, peer learning, and help seeking.
SRL has been identified as one of the important factors for students' success in traditional online learning environments (Cho & Shen, 2013) . The findings of review research investigating empirical literature published from 1994 to 2006 indicated that self-efficacy had a positive correlation with the use of learning strategies, satisfaction with online courses, the likelihood of enrolling in future online courses, and academic performance (Artino, 2007) . Broadbent and Poon's (2015) systematic review of research investigating SRL strategies related to academic achievement in online higher education settings published from 2004 to December 2014 found that time management, metacognition, effort regulation, and critical thinking had significant positive correlations with academic achievement in online higher education.
In terms of theoretical frameworks used in studies on SRL in online learning environments, the social cognitive model of SRL was particularly useful in analysing SRL and students' success in traditional online courses (Artino, 2007) . According to social cognitive models of SRL (Schunk, 1989; Zimmerman, 2000a) , learning occurs with reciprocal interaction between personal variables such as self-efficacy, behavioural variables such as use of learning strategies, and environmental variables. Using social cognitive models of SRL, studies on SRL in traditional online learning have focused on motivational components, especially self-efficacy and task value and the relationship between variables (Artino, 2007) .
Methods

Procedure
This research was conducted based on the procedures of systematic reviews in social science, proposed by Petticrew and Roberts (2008) . Systematic reviews are defined as literature reviews that stick closely to "a set of scientific methods that explicitly aim to limit systematic error (bias), mainly by attempting to identify, appraise and synthesize all relevant studies (of whatever design) in order to answer a particular question (or set of questions)" (Petticrew & Roberts, 2008, p. 9) . The study followed Petticrew and Roberts' (2008) seven stages of systematic review: defining the research questions or the hypothesis, determining the types of studies, conducting a comprehensive literature search, screening the search results, appraising the included studies, and synthesising the studies and assessing heterogeneity among the studies. The study also incorporated snowball methods (Greenhalgh & Peacock, 2005) , which were used after the fifth stage, and involved reviewing citations and references of the studies included in the systematic review.
For this study, first, research questions were clearly defined. The following research questions were drawn from the literature on SRL in traditional online learning environments: Second, criteria were established to determine the types of studies. Papers were limited to studies written in English and published in peer-reviewed journals in order to focus on quality, practicality and accessibility. The publication years were limited to between 2008 and 2016 based on the fact that academic papers on MOOCs first began to emerge in 2008 (Downes, 2008) . In addition, inclusion and exclusion criteria were defined to screen the results of the search and select the most appropriate studies. Table 1 shows the inclusion and exclusion criteria that were set. 
Articles that provide results
Duplicate report of the same study Approved manuscripts which meet above inclusion criteria
Databases and search terms
After determining the types of studies to include or exclude, several databases and search terms were chosen to carry out the literature search. The search was modelled after a previous systematic review on SRL in online learning environments, which was conducted by Broadbent and Poon (2015) . In terms of databases, the following databases were used for searching: Education Source, Education Full text, CINAHL, MEDLINE, ERIC, PsycINFO, PsycARTICLES, Web of Science, and Google Scholar. With respect to search terms, a total of 23 search terms were used to comprise the search strings with the following Boolean expression (A1 OR A2 OR A3…OR A23) AND (B1 OR B2). Search terms for SRL were partially adapted from Broadbent and Poon's (2015) study. The asterisk was used in the search terms to broaden a search by discovering words that begin with the same letters. Table 2 shows the terms that were used for searching. 
Search results
Papers on SRL in MOOCs were searched through a Midwestern university's library website and the Google Scholar website. In October 2016, the search of the selected databases was completed. The search query resulted in 1467 hits in Education Source, Education Full text, CINAHL, MEDLINE, ERIC, PsycINFO, and PsycARTICLES. It also resulted in 295 hits in Web of Science. In addition, there were 510 hits in Google Scholar according to relevance. In the first selection step, titles, keywords, and abstracts of searched articles were read and the inclusion criteria were applied to screen the inappropriate articles. Through this process, many articles were eliminated, and a total of 47 articles remained: 15 (Education Source, Education Full text, CINAHL, MEDLINE, ERIC, PsycINFO, and PsycARTICLES), 7 (Web of Science), 0 (Dissertations & Theses), and 25 (Google Scholar). In the second selection step, titles and abstracts as well as contents of the 47 articles were read. Using the inclusion and exclusion criteria, 8 articles were excluded from the Education Source, Education Full text, CINAHL, MEDLINE, ERIC, PsycINFO, and PsycARTICLES. And an additional 19 articles were also excluded: 6 articles from Web of Science and 13 articles in Google Scholar. In the third step, the snowballing technique was performed on the remaining 20 articles. Reference lists of the 20 articles were scanned and citations to the papers were also tracked through the Web of Science database. This process resulted in an additional 3 articles. Two papers were excluded based on the exclusion criteria; one paper was presentation material, while another provided only the abstract. In the final step, the snowballing technique was implemented on the two papers, which gave rise to an additional paper. However, this paper was excluded as it did not provide study results. Finally, a total of 21 articles was selected as the most appropriate studies in this systematic review.
Results and discussions
Based on the research questions that were defined, the contents of the 21 articles were analysed. The results and discussions are provided below.
RQ1: What is the status of studies on SRL in MOOCs published from 2008 to 2016?
Twenty out of 21 studies on SRL in MOOCs were published from 2014 to 2016. One paper was an approved manuscript which would be published in 2017. Among the total of 21 studies, two papers were published in 2014 and 7 papers were published in 2015. In addition, 11 papers were published in 2016. These results indicate that the topic of SRL in MOOCs has increasingly received attention from researchers and educators, and the body of empirical research on SRL in MOOCs has been growing, particularly since 2014. These findings are consistent with previous findings that SRL is one of the main themes of future research on MOOCs (Gasevic et al., 2014) .
RQ 2: What effects of SRL on learning in MOOCs have been identified?
Two studies show the effectiveness of SRL on MOOCs. In Magen-Nagar and Cohen's (2016) study, the results of the structural equation modelling path analysis show that learning strategy was a significant mediator for motivation and a sense of academic achievement in a MOOC for high-school students in flipped classroom settings. Kizilcec, Pérez-Sanagustín, and Maldonado (2016) found that goal setting and strategic planning were significant positive predictors of learners' goal achievement for three personal course goals: earning a course certificate, completing assessment, and watching lectures in the course. In addition, they discovered that learners who reported a high level of SRL skills in goal setting, strategic planning, self-evaluation, task strategies, and elaboration were apt to revisit course materials, especially in course assessment. Studies on SRL in regular online learning found that SRL has positive effects on academic achievements (Artino, 2007) . On the other hand, findings in this review show that SRL positively affects a sense of academic achievement, as well as motivation and learner behaviours. In light of these findings, MOOC instructors and designers should recognise the importance of SRL in MOOCs and should be able to support learners' SRL in MOOCs.
RQ 3: What SRL strategies have been identified in the studies on SRL in MOOCs?
Motivational regulation strategies: Self-efficacy and task value Self-efficacy is defined as one's own beliefs in the ability to compete academic tasks (Pintrich, 1999) . Five studies reported findings about self-efficacy. Three out of the 5 studies indicated that MOOC learners have high self-efficacy. Littlejohn, Hood, Milligan, and Mustain (2016) found that participants who were working as data professionals both with overall high SRL levels and low SRL levels had high self-efficacy scores in the Self-Regulated Learning at Work Questionnaire (SRLWQ). According to Morales Chan, Hernandez Rizzardini, Barchino Plata, and Amelio Medina (2015), all participants recorded high selfefficacy scores in the Motivated Strategies for Learning Questionnaire (MSLQ) in their SRL profiles. The results of the interviews in Milligan and Littlejohn's (2016) study indicate that 28 out of 35 participants identified as health professionals mentioned their high self-efficacy.
Findings from two studies provide evidence that self-efficacy is highly connected to familiarity with the task (Zimmerman, 2000b) . The results of the interviews in a study by Littlejohn et al. (2016) revealed that high self-efficacy scores particularly relate to previous exposure to MOOC content. Hood, Littlejohn, and Milligan (2015) also found that the most significant difference in self-efficacy scores in SRLWQ in a MOOC on teaching data science was between learners who were data professionals and those who were not. In addition, the results revealed that familiarity with MOOC platforms was also related to high levels of self-efficacy . This is explained by the concept of online technologies selfefficacy, which has been actively examined in traditional online learning (Artino, 2007) . Learners who feel comfortable with MOOCs do not need to spend much time figuring out how to watch lecture videos, use discussion boards, and assess peers' performances and feel confident in their ability to complete tasks in MOOCs.
In addition, self-efficacy for English was identified as a new form of self-efficacy. Liang-Yi (2015) found that there was a positive correlation between non-English learners' self-efficacy for English and cognitive learning strategies and motivation strategies. In traditional online SRL studies, many researchers have explored how the subcomponents of SRL relate to each other as well as how SRL relates to academic achievements as reviewed in Artino (2007) . However, little has been uncovered about self-efficacy for English and SRL in traditional online learning environments. Considering that most MOOCs are offered in English and people around the world take them (Daniel, Cano, & Cervera, 2015) , non-native English learners' self-efficacy for English could be one of the factors influencing learner behaviours in MOOCs. Therefore, the findings of Liang-Yi's (2015) study suggest that MOOC practitioners could consider selfefficacy for English as one of the unique characteristics of MOOC learners when they design a MOOC offered in English.
Task value refers to beliefs about the importance of the task and interest in the task (Pintrich, 1999) . Findings from two studies demonstrated task value. According to Morales Chan et al. (2015) , the highest mean values of MSLQ were shown in task value, and there was a significant positive correlation between the task value, intrinsic goal orientation, and self-efficacy. In addition, qualitative findings specifically showed what values learners who have high levels of SRL place on tasks. The results of interviews in a study by Littlejohn et al. (2016) indicated that learners who worked as data professionals with high SRL levels placed greater value on the acquisition of skills and content knowledge in a MOOC than those with low SRL levels. Learners with high SRL levels were also more likely to connect the value of learning in a MOOC with professional contexts and roles because they perceived the usefulness of what they learned in the MOOC for their workplace. In light of these findings, it behooves MOOC instructors and designers to provide opportunities for learners to recognise the usefulness of MOOC content or how the content aligns with their interests so that learners recognise the task value.
In summary, studies on SRL in MOOC settings have investigated the extent to which learners have selfefficacy, task value, the values they place on MOOC learning, and what is related to their self-efficacy. On the other hand, studies on SRL in traditional online settings have focused on the relationships between variables such as self-efficacy, task value, and academic performances (Artino, 2007) . This difference may be attributed to different theoretical frameworks. While social cognitive models of SRL have been mainly used in regular online courses, SRL models based on varied constructs (e.g., Pintrich, 2000; Zimmerman, 2000a) have been adopted in the selected studies. In addition, as SRL in the workplace has been increasingly emphasised (Margaryan, Littlejohn, & Milligan, 2013) , professionals' motivational regulation strategies in MOOC environments have actively been investigated. MOOC practitioners and researchers could promote the forethought and planning phase for MOOC learning by considering self-efficacy and task value.
Cognitive and metacognitive regulation strategies: Goal setting
Cognitive regulation strategies consisting of rehearsal, elaboration, organisation, and critical thinking were not identified in the selected studies. However, task strategy, which is regarded as a cognitive regulation strategy, was examined in three studies (Hood et al., 2015; Littlejohn et al., 2016; . Littlejohn et al. (2016) discovered through interviews that high SRL level learners who identified as data professionals were apt to have more flexibility in their approach to learning and determined their learning paths by themselves. In contrast, low SRL level learners were more apt to be linear and followed a structured approach to learning. Hood et al. (2015) found that learners who identified as data professionals had higher scores in task strategy in SRLWQ than those who took a MOOC for higher education qualifications. In Milligan and Littlejohn's (2016) study, 20 out of 35 participants stated in interviews that they took notes while taking a MOOC. However, there were differences between learners in terms of approach to learning. In terms of modification of learning approach, 20 out of 35 stated that they did not change their approach to the course because of their familiarity with the content and previous experiences with taking MOOCs. On the other hand, 15 out of 35 participants responded that they had changed their approach to learning while taking a MOOC.
Goal setting refers to setting task-specific goals that can provide guidance for cognition and metacognition (Pintrich et al., 1991) . Five studies reported findings about goal setting. Findings of two studies showed that there are significant differences in the types of goals set. A study by Littlejohn et al. (2016) revealed that 12 out of 16 data professionals with high SRL levels mentioned in interviews that their goals focused on improving skills and knowledge in data science, which were tied to their workplace. In contrast, 7 out of 16 data professionals with low SRL levels tended to have goals related to extrinsic motivation, including certifications. In Milligan and Littlejohn's (2016) study, 28 out of 35 health professionals taking a MOOC responded that they set specific goals for a MOOC. The results of interviews revealed that the type of goals significantly varied, including extrinsic outcomes and specific goals related to course content or intrinsic benefits of learning to their career, current role or personal satisfaction. Another two studies showed that goal setting positively affected MOOC learning. The results of Jo, Tomar, Ferschke, Rose, and Gasevic's (2016) study revealed that learners following appropriate goal setters participated longer in a MOOC, actively engaged in hands-on learning activities, and tended to review previous course materials more. Kizilcec, Pérez-Sanagustín, and Maldonado (2017) found that goal setting and strategic planning predicted learners' goal achievement for personal course goals. The results of a study by Onah and Sinclair (2016) indicated that 27 undergraduate students taking a blended MOOC had mean scores of 3.6 in the Online Self-regulated Learning Questionnaire (OSLQ) developed by Barnard, Lan, To, Paton, and Lai (2009) . Based on findings about goal setting, it is recommended that MOOC instructors and designers provide activities where learners set their own goals for MOOCs even if the individuals' goals vary considerably.
In summary, cognitive regulation strategies were not identified and goal setting was identified as a metacognitive regulation strategy. These do not align with findings of a review study on SRL in regular online settings, which showed that rehearsal, elaboration, and organisation, critical thinking, metacognition were actively examined to identify if they are related to academic achievements (Broadbent & Poon, 2015) . This inconsistency is explained by different conceptualisations of SRL. The selected three studies used Zimmerman's (2000a) model of SRL, which includes task strategy as a subprocess. However, findings identified in this review suggest that MOOC instructors or designers should also provide support for cognitive and metacognitive regulation processes based on the fact that MOOC learners used task strategies such as changing their approach to learning, taking notes, and setting goals.
Behavioural and contextual regulation strategies: Help seeking, time management, and effort regulation
Help seeking involves seeking help from others (Pintrich et al., 1991) . Findings of a study showed that there were differences between health professionals taking a MOOC in using the discussion forum . For example, 17 out of 35 stated in interviews that they actively participated in the discussion forum in a MOOC. While 12 out of 17 viewed the discussion forum as a positive experience, five out of 17 were less positive. Findings from another study indicated that 27 undergraduate students taking a blended MOOC recorded mean scores of 3.25 in the OSLQ (Onah & Sinclair, 2016) . Considering MOOC learners should actively make connections with others, online discussion forums or social networking services could be vital sources of help seeking behaviours.
Time management refers to "scheduling, planning, and managing one's study time" (Pintrich et al., 1991, p. 25) . Three studies showed that time management is a vital factor influencing MOOC learning. Survey results in Nawrot and Doucet's (2014) research showed that poor time management was the main cause of dropping out of a MOOC. In addition, the results of a study by Onah and Sinclair (2016) revealed that 27 undergraduate students taking a blended MOOC had low-level of time management scores in the OSLQ, showing mean scores of 2.95. These results are supported by several MOOC study findings that issues with time were one of the reasons for disengaging from MOOCs (Kizilcec & Halawa, 2015) . However, traditional online course findings showed that students who completed traditional online courses differed significantly from dropout students with respect to academic locus of control and metacognitive selfregulation (Lee, Choi, & Kim, 2012) . These differences in dropout reasons might be explained by the more autonomous structures of MOOCs or personal reasons such as workplace workload and requirements, which could lead to poor time management. In addition, in a study by Kizilcec et al. (2016) , a survey of successful MOOC learners revealed that time management was considered as one of the most important SRL strategies for succeeding in MOOCs. This finding is supported by the results of a review study on SRL in online higher education settings showing that time management was positively related to academic performances (Broadbent & Poon, 2015) . Based on these findings, MOOC designers and practitioners should examine how to effectively support time management in a broad range of MOOC learners.
Effort regulation refers to controlling one's own effort and attention (Pintrich et al., 1991) . The results of a survey in a study by Kizilcec et al. (2016) showed that effort regulation was the most important SRL strategy recommended by successful MOOC learners. While conclusions cannot be drawn from this single study, effort regulation strategy could be important in MOOC learning in light of previous findings that effort regulation strategy was positively correlated with improvement of academic achievement in regular online learning settings (Broadbent & Poon, 2015) . Learners are likely to complete a course and succeed in MOOCs if they are able to persist when they face distractions such as other websites while watching lecture videos and undertaking uninteresting tasks.
New type of SRL behaviours emerging from MOOC data
Findings from two studies showed that a new type of SRL behaviours which has not been identified in existing SRL models (e.g., Pintrich, 2000 , Zimmerman, 2000a emerged from MOOC data. In Diana, Eagle, Stamper, and Koedinger's (2016) study, results showed that attempting activities during video playback and re-reading page views were predictive of final exam performance. Campbell, Gibbs, Najafi, and Severinski (2014) found that learners used lecture videos and discussion forums as resources for SRL strategies while repeatedly attempting to take quizzes from clickstream MOOC data. Little has been uncovered about these new types of SRL behaviours in regular online settings. It could be attributed to the unique structures of MOOCs. As most MOOCs are designed with short lecture videos that include embedded questions, auto-graded quizzes and online discussion forums, behaviours related to them could be a new indication of how learners regulate their MOOC learning.
RQ 4: What supports have been suggested to promote SRL in MOOCs?
SRL interventions SRL interventions were identified in four studies. Two interventions were software programs: a Learning Tracker prototype widget designed with features that allow MOOC learners to compare their behaviours with successful MOOC learners' behaviours (Davis, Chen, Jivet, Hauff, & Houben, 2016) , and ProSOLO software, which provides tracking of students' learning processes and course competencies (Dawson, Joksimović, Kovanović, Gašević, & Siemens, 2015) . One intervention consisted of prompts of study tips on recommended SRL strategies in MOOCs (Kizilcec et al., 2016) . Another intervention was a discussion of SRL strategies in a face-to-face MOOC study group (Chen & Chen, 2015) . In addition, there were two types of interventions: retrieval practice cues embedded in a video lecture and a study planning module consisting of questions, examples, and reflection prompts (Davis, Chen, van der Zee, Hauff, & Houben, 2016) .
Among these SRL interventions, only the Learning Tracker prototype widget significantly increased students' success in terms of the final grade and engagement in the dimension of timeliness of the quiz answers (Davis, Chen, Jivet, et al., 2016) . Learning Tracker is a dashboard, the main features of which are providing feedback and promoting metacognition through data visualisations of learners' own behaviours and successful learners' behaviours. On the other hand, four studies did not find any positive effects from SRL interventions. In a study by Kizilcec et al. (2016) , there was no statistically significant difference in course outcomes and persistence between groups who were presented with study tips on SRL strategies employed by successful MOOC learners and those who were not. Dawson et al. (2015) revealed that the number of completed competencies in a MOOC was low in the ProSOLO software, which was developed based on the principles of SRL. Davis, Chen, van der Zee, et al. (2016) found that there were no statistically significant differences in weekly quiz grades and final grades between learners who got retrieval practice cues embedded in a video lecture in a MOOC and those who did not. In addition, there were no statistically significant differences in final grades, course persistence, and engagement between MOOC learners who were exposed to a module about study planning and those who were not (Davis, Chen, van der Zee, et al., 2016) . Chen and Chen (2015) did not investigate the effectiveness of a discussion of SRL in a MOOC study group.
In traditional online courses, training and prompting have been mainly identified as effective interventions to support students' SRL for academic performances (Rowe & Rafferty, 2013) . In addition, web-based pedagogical tools and Web 2.0 tools have been used in online courses to promote SRL (e.g., Dabbagh & Kitsantas, 2005; Kitsantas & Dabbagh, 2011) . On the other hand, researchers have tried to design SRL interventions such as a dashboard or platform that could be embedded in MOOCs. In light of these findings, MOOC researchers could design and develop unique software programs which fit in with MOOC platforms and provide personalised support for SRL. In addition, successful MOOC learners' SRL behaviours have been used as an indication of desired learner behaviours in MOOCs. These findings suggest that MOOC designers could consider the desired SRL behaviours which are applicable to most MOOC learners and how to promote their metacognition.
MOOC design
Five studies proposed different MOOC designs to promote SRL in MOOCs. Park, Cha, and Lee (2016) developed design guidelines for learning analytics to promote learners' SRL in MOOCs, as shown in Table  3 . Park et al., 2016. Milligan and Griffin (2016) derived four MOOC design principles from progression of developmental continuum of crowd-sourced learning (C-SL) capability, which refers to the capability to create higher order learning. Among them, the second and fourth design principles address how to design a MOOC to promote SRL, as shown in Table 4 . Table 4 Design principles to promote SRL in a MOOC Design principle 2: Scaffold activities to generate and support self-regulation, crowd-sourced learning • Redesigned automated assessments as extension activities, exploring application and synthesis rather than recall and understanding of concepts covered in video materials.
• Doubled the number of automated quizzes and quiz questions, to cover most aspects of the course, allowing recursiveness, focus, and critical consumption.
• Targeted new quiz exercises to areas of confusion identified in first running • Trimmed videos to reduce viewing time overall to encourage time commitment to production and engagement rather than consumption.
• Designed quiz exercises to clarity for participants the professional standards inherent in the major assignment, providing practice on using the rubrics provided for peer-and self-assessment. Design principle 4: Support participants' metacognition of how to learn in a MOOC • Messaged through weekly emails about purposes of forums, encouraging dialogues and reciprocity, risk-taking and perspective taking, and production.
• Provided a resource site that included description of expert behaviour and self-assessment tools Note. Adapted from Griffin, 2016. García Espinosa, Tenorio Sepúlveda, and Ramírez Montoya (2015) proposed a template design for MOOCs focusing on self-motivation and self-regulation to increase persistence and active participation of less motivated-students in a MOOC. Table 5 shows examples of a MOOC design template focusing on SRL. Note. Adapted from García Espinosa et al., 2015. Nawrot and Doucet (2014) proposed MOOC system features as a solution to address time management, which, as Table 6 shows, was identified as a main cause of dropping out from a MOOC. Nawrot & Doucet, 2015. Littlejohn and proposed two sets of design tools that can guide instructors and instructional designers in designing MOOCs to support professional learners' SRL: MOOC-SRL patterns and MOOC Design Team Questionnaire.
First, SRL patterns were designed based on the results of a survey and interview. They were presented in five categories: adaptable course goals/objectives, reflect on both theory and practice, capitalize on diversity, break down the barriers, and productive MOOCs. First, adaptable course goal/objectives explains that instead of setting rigid course objectives, it is recommended that instructors enable MOOC learners to set their own goals, which increases motivation and academic outcomes. Second, reflect on both theory and practice allows learners to connect what they learned in a MOOC with their professional work. Third, capitalise on diversity explains that MOOCs designers can allows learners to interact with others and build community unity by changing the challenges resulting from MOOC learners' diverse backgrounds and characteristics into benefits. Fourth, in the break down the barriers category, MOOC designers can encourage learners to bring their professional networks into courses, which can break down the barriers between work and learning. Finally, productive MOOCs explains that designers can provide authentic tasks to make MOOC learning more valuable to learners.
The MOOC Design Team Questionnaire was developed to help platform developers, course design teams, and instructors and course teaching assistants to design MOOCs that better support MOOC learners' SRL. It consisted of five broad categories: pedagogy overall, SRL overall, forethought phase, performance, and self-reflection.
In summary, each study designed a MOOC with a different focus. Perhaps the different theoretical frameworks of SRL such as Zimmerman and Pons' (1986) model and Zimmerman's (2000a) model lead to different forms of design guidelines or principles. As conceptualisations of SRL are diverse, MOOC designers could consider and select an appropriate framework of SRL when designing a MOOC. In addition, designing activities to promote SRL as well as aspects of technology such as lecture videos and automated-assessment could be a possible factor that MOOC designers or instructors could consider when designing MOOCs. While research on designing regular online courses has mainly focused on the integration of Web-based social media technologies with course design (e.g., Fisher & Baird, 2005) or practical guidelines for instructors (Artino, 2008) , specific design guidelines or templates have been proposed in selected studies. Findings identified in this review provide new insights on how to design MOOCs to support the SRL of a broad range of MOOC learners.
Conclusion
This systematic review describes the current state of research on SRL in MOOCs. This study showed that research on SRL in MOOCs has increasingly grown, as evidenced by the fact that articles from 2008 to 2016 were reviewed, but no relevant articles were identified until 2014. However, since 2014, 20 studies on SRL in MOOC have been published and an approved manuscript to be published in 2017 was identified. The findings of the present review confirmed the importance of SRL in MOOCs. It was revealed that SRL positively affected MOOC learning and learners used SRL strategies in MOOCs. Self-efficacy, task value, and goal setting have been examined as motivational regulation strategies. Particular cognitive regulation strategies were not identified and goal setting was identified as metacognitive regulation strategy in selected studies. Help seeking, time management, and effort regulation were identified as behavioural regulation strategies. Findings of SRL in MOOCs tend to be different from those of SRL in traditional online learning with respect to SRL strategy. This is attributed to different frameworks of SRL and the unique characteristics of MOOCs. In addition, it was found that diverse interventions such as dashboard and platform, and design guidelines or principles were suggested. Findings of this review could offer potential new insights and directions for future research on MOOCs. In addition, this study could provide MOOC practitioners with information about MOOC learner behaviours related to SRL and the importance of supporting SRL in MOOCs.
There are limitations when considering the implications of this study. As the search period for identifying potential articles concluded at a certain date, any articles published after that point would not be identified in this review. In addition, the scope of this review is limited to comparisons between empirical studies on SRL in traditional online courses and MOOCs. SRL strategies which were not grounded in Pintrich's (2000) model of SRL were not analysed. Based on the findings of this review, directions for future research are provided. First, researchers should investigate SRL in MOOC environments in an ongoing basis to contribute to the growing body of literature. In addition, they should investigate other SRL strategies that were not reviewed in this study, relationships between SRL strategies, and other aspects of SRL such as emotion regulation by using different models of SRL. Another recommendation is to further examine indications of new types of SRL behaviours from other MOOC data. Researchers should also examine the effectiveness of MOOC designs that were proposed in the selected studies. Finally, SRL of different professionals such as teachers in different contexts should be explored.
